This distortion may stand for an intentional obstruction, or may be caused by a natural and neutral source. As such, it recalls a comparison with hit-and anti-hit problems in game theory and the military science, prey and predator systems in ecology, pathogenic germs and antibodies in epidemiology, or an interrupted communication channel. Basically for its usefulness is, fo course, the assumed mode of interaction.
Pooling of two processes, each consisting of a time series of impulses while the duration of the intervals between successive impulses in each series are independent of each other and identically distributed with a probability density co function p~(t) and p~ (t) . Let t~ = ft.p~(t) .dt, and Q~(t)~ 0 co fp~(z)" dz; t2 and Q2(t) are analogously defined. If p2.1(t) t denotes the probability density function of the intervals between an impulse of the p2(t) process, and the next impulse of the p~ (t) process, then Pv 1 (t) = Q~ (t)/i~. A corresponding definition and expression holds for pv~ (t) . The interval distribution (t) between the intervals between the impulses of the pooled process is then given by: oo
p(t) = (pl (t) f Q~(~) . dT/t~ + pv2(t) 9 Ql (t)}[2/(tx + t2) + t oo _ _ + (p~(t) f Q~(v). dv/.~ + pv~(t). Q2(t)} t~/(t~ + i~). t

Or:
co co (ta -+-t2)" P (t) = 20 1 (t) f Q2 (T)" dv + P2 (t) j" Q1 (T)-dr+ t t
+ 2 Qx(t). Q2(t). If pl(t) ~p(t) and p2(t) =p*(t) =v exp(--v t), we have: co (1 + v~)e ~t.~(t) = #J'Q(v).dz + 2v Q(t) +p(t)
t and (0) = {v 2 t + 2v +p (0)}/(1 + v t).
References. AMASSIAN, V. E., J. MACY jr. and H.J. WAL-9 LER: Patterns of activity of simultaneously recorded neurons in midbrain reticular formation. Ann. N.Y. Acad. Sci. 89, 883--895 (1961 KEIDEL, and WIGAND, 1961) .
After potentials in presynaptie peripheral nerves following electrical stimulation have also been shown to display oscillatory behavior (GASSER and GRUNDFEST, 1936) . LARRABEE and BRONK (1947) have also shown that oscillations in the amplitude of the compound action potentials occur in postsynaptic nerve tracts in the sympathetic nervous system. However, the response amplitude of presynaptic compound action potentials seems generally to be considered to decrease without oscillation or not to change at all during repetitive stimulation (see Fig. 12 in KEIDI~L, KEIDEL, and WmA~D, 1961; Fig. 3 in LARRABEE and B~oNx, 1947; and Fig. 5 in GASSE]~ and GRU~DFEST, 1936). These results suggest that oscillations in response amplitude are introduced into the response wavcform by synaptie action. ECCLES (1952) has discussed the relationship of such phenomena to similar long term effects of perception and learning. He suggests that long term oscillations may be sensitive electrophysiological indicants of behavior and provide a means of exploring behavioral plasticity and perception in a delicate fashion.
Some earlier work in our laboratory with widely separated stimulus doublets (Bl~owN, 1960) suggested that there may be long term effects generated by stimulation of human peripheral nerves in situ. The present paper presents the results of two studies of the dynamics of the peripheral compound action potentials recorded percutaneously from the human ulnar nerve when stimulated by trains of electrical pulse stimuli. Oscillations in the response amplitudes are shown to occur. This paper deals particularly with the functional relation of this oscillation to variations in stimulus amplitude and interpulse interval.
The data reported in this paper are for three male Ss. Our general technique is a modification of DAwso~ and SCOTT'S (1949) and has been described in detail elsewhere (UTT~L, 1959) . In particular, pulse electrical stimuli were applied to the superficial point of the ulnar nerve at the wrist and compound action potentials recorded at the superficial point of the same nerve above the elbow. Stimuli pulses were 0.5 milliseconds in duration and the interval and amplitude varied according to the designs of the experiments described below. Two experiments will be reported in this paper. The first investigated the effects of variation of the magnitude of the repetitive stimulus pulses on the envelope of response amplitudes. The second experiment investigated the effects of variation of the frequency of the stimulus train on this envelope.
In the first experiment, the Ss were stimulated with a train of constant current pulses which were separated by 12 ms. intervals for a period of 200 ms. The amplitude of the pulses in a given train was varied to include the following current levels: 1, 2, 3, 4, 5, 6, 7, and 8 milliamperes. One set of records was taken for each of the Ss for each of the current levels.
In the second experiment, the Ss were stimulated with a train of constant intensity stimuli. The particular constant current varied for each S but was in the range of 2.5 to 3.5 milliamperes. The parameter varied in this experiment was the interval between the sequential pulses. A given train would have an interval selected from the following set: 8, 10, 12, 16, 18, 20, 25, 30 , and 40 milliseconds; but, as in the first experiment, the total duration of the sequence of pulses was limited to 200 milliseconds. One set of records was taken for each of the Ss in this experiment for each interval.
The oscillations in the amplitude of the peripheral nerve response exhibit great regularity. At first, some consideration was given to the fact that these responses might be artifacts of the electronic recording or stimulating systems rather than true neuroelectrical phenomena. A number of control tests were therefore made to minimize the possibility that any electrical artifacts were contributing to the response waveform. The first test was simple monitoring of the stimulus current as applied to the skin. The current through the electrodes was monitored by observing the voltage across a 100 ohm precision resistor placed in series with the stimulating electrodes. The stimuli were shown by this technique to remain constant throughout the entire 200 ms. period. Manipulations were than made
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I-T I -' on the characteristics of the recording amplifiers including alteration of the upper and lower band pass characteristics of the two A.C. coupled amplifiers and reversal of the leads from the recording and stimulating electrodes. In no case was an alteration made of the relative amplitudes of the responses. A further control implicit in the experiment is that the oscillation of the peripheral nerve response is at a maximum when the muscular twitch which accompanies this electrical response is at a minimum. This makes it extremely unlikely that we are dealing with some simple alteration of the sensitivity of the recording electrode due to a change in the impedance of the skin-electrode interface. This conclusion is further substantiated by the fact that, in those records in which the terminal end of the stimulus artifact could be observed, these ends were seen to be relatively invariant. Several different measurements were taken as indicated in Fig. 1 , a diagrammatic sketch of the two types of typical response. A 1 was the amplitude of the largest spike in the initial part of the response and varied from record to record as a measurement of the first, second, or third response, depending upon the stimulus interval. A s was the amplitude of the smallest spike in the first trough of amplitude. T 1 was the time from the beginning of the stimulus train to the minimum of the envelope. A pulse may or may not have been present at this minimum, depending upon the intervals of the pulses in the stimulus train.
An important derived measure was the peak to trough ratio which was defined as A1/A 2 and which is independent of the amplitude of the response. Thus, a high peak to trough ratio indicated a considerable swing in the amplitude of the response, but does not differentiate between large or small absolute amplitudes. Fig. 2 shows a 200 ms. typical sample of the series of responses to a repetitive train of stimuli. The upward going spikes are the nerve response and the lower the stimulus artifacts. It can be seen that there is an oscillation of the amplitude of the responses as a function of serial position which lasts for a considerable period of time. In some records this oscillation may appear to continue for 300 or 400 milliseconds. But, like many damped oscillations, it appears that successive amplitude swings are progressively smaller.
As the stimulus amplitude is increased, the following sequence of events was exhibited by all subjects.
Responses cannot be distinguished from noise for stimulus amplitudes of 1 and 2 ms., but begin to emerge at about 3 ms. At 4 milliamperes, all responses were clearly visible and the oscillation peak to trough ratio was most clear. Above this stimulus intensity the size of the responses continues to increase, but the ratio of peak to trough amplitudes decreases. In general there appeared to be no change in T 1 --the time at which the first trough appears. All Ss showed this same pattern. Differences between Ss were, however, observed in the stimulus intensity at which the responses appeared. The steady increase of A 1 as stimulus intensity is increased and the steady decrease in AI/A 2 during this same variation are plotted in Fig. 3 with data pooled for all Ss.
Because of the variation in threshold at which the responses emerge, stimulus intensity in the second experiment was adjusted individually for each subject. Fig. 4 shows the pooled data for all subjects in all trials in which the stimulus interval was varied and the amplitude held constant. Thus, each plotted point represents the average of six measurements. The amplitude of Ax remains constant over the entire range of intervals studied. The peak to trough ratio Ax/A2, however, shows a gradual decline as the interpulse interval is increased. This decline, however, does occur for a trough with T~ essentially constant regardless of interpulse interval as can be seen from the other curves in this figure.
Inspection of superimposed responses revealed no change in the latencies of the responses during the repetitive stimulus burst.
In this experiment we are dealing with an oscillation of response amplitude which occurs during tetanic stimulation rather than the recovery effects which follow the tetanus. LARRABEE and BRONK'S (1947) study of sympathetic ganglia is the only other observation of oscillation during a tetanus to have come to our attention. Their study shows a similar oscillation but only when the stimulus is applied to the presynaptic neurons and the response recorded from postsynaptic ones. If the stimulator is then moved to the post-synaptic tract, the responses are flat during the tetanus and the post-tetanie potentiation (PTP) is absent. This suggests that these oscillatory phenomena may be related to synaptie action.
We are faced with the question of the origin of the oscillatory potentials in our records. There are two principal hypotheses which remain once we exclude artifacts of technique and accept these oscillations as true neurophysiological events. The first assumes that the oscillation is due to the changes in the nerve membrane potentials which occur during tetanic stimulation. Thus, the oscillation could reflect the collective "hunting" of the involved nerve membrane potentials for new equilibrium levels. The oscillation would be related in this case to refractory periods and a non-monotonic accumulation of after potentials during the repetitive train of stimulations.
The second hypothesis assumes that the effect is not a function of the nerve membrane dynamics of the stimulated nerves but rather is a result of reflexively generated centrifugal activity by spinal or higher centers. Thus, in this case, efferent activity would be assumed to be interfering with the afferent activity represented by this compound action potential. Januar 1966 The existence of such reflexive activity has been established. TO~NNI~S (1938) has described a dorsal root reflex of sensory fibers in which spike action potentials are reflected back along the same afferent fibers which conveyed the nerve impulse away from the point of stimulation. FULLERTON and GILLIATT (1965) have more recently reported another axon reflex which appears to be produced at branch points in efferent fibers stimulated antidromically. The fact that the effect reported in this present experiment was more pronounced at the low stimulus intensities at which sensory fibers are more likely to be excited (DAwsoN, 1956) suggests that the dorsal root reflex is a more likely explanation if a feedback explanation ultimately proves to be more appropriate.
To test these hypotheses two additional experiments were attempted. The first was performed on the same human subjects used in the earlier parts of the experiment and simply involved switching the stimulation and recording electrodes. Thus, stimulation was applied above the elbow and it was hoped that recordings would be made at the wrist. Unfortunately, the ulnar nerve at the elbow has a very large motor component feeding much of the forearm. Electrical stimulation at the elbow, therefore, produces a massive motor response in the forearm and the resulting electromyogram completely masks the nerve action potentials. This attempt was, therefore, ineffective.
The second additional experiment was an attempt to replicate and then surgically manipulate these oscillations in the analogous ulnar nerve of two cats. The ulnar nerve was exposed at the two superficial points on the cat's upper limb. Stimuli were applied to the lower point and responses recorded from the upper point. It proved impossible to replicate the oscillatory phenomenon found in man in the cat, and this experiment also proved to be ineffective as a means of resolving the question of origin.
The basic characteristics of this response suggest a feedback explanation of this phenomenon. The insensitivity of the wavelength of the oscillation to stimulus interval variation suggests that a constant factor such as transmission time from point of stimulation to the point of interaction is involved. A nerve membrane hypothesis would probably involve a frequency sensitivity as more and more frequent stimuli produced cumulative effects in the after potentials.
